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I claim: 



1. An AC-DC converter comprising of: 

a low impedance AC source providing an alternation of a positive voltage, a negative voltage and a 
dead time; 

an inductive element cc nnected in series with said AC source; 

a bridge of rectifiers means having a first input terminal a second input terminal a first output 
terminal and a second outpu terminal; 

the first rectifier means being connected between the first input terminal and the first output 
terminal with the cathode to the first output terminal, 

the second rectifier means being connected between the second input terminal and the first output 



13K terminal, with the cathode to the first output terminal, 

r | s 

PS™. 

V4; the third rectifier m£ans being connected between the second input terminal and the second output 

f ~i 

\& terminal with the cathode to i he second input terminal, 

Vj£g the fourth rectifier means being connected between the first input terminal and the second output 

l£S terminal with the cathode to the first input terminal, 

Li§] the said AC voltage s >urce in series with said inductive element is connected between the first input 



19^ terminal and the second input 



terminal; 



a capacitor in paralu Lwith a load is connected between the first output terminal and the second 
output terminal; 

the said voltage source modulating the energy transfer through said inductor element and said 
rectifiers to said capacitors and said load by changing the ratio between the duration of said positive and 
negative alternation and the repetition period of the signal provided by said voltage source. 
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1 

2 2. The converter of claim 1 wherein /aid the third rectifier means and said the fourth rectifier means are 

3 replaced by controlled synchronous rectifiers. 

4 3. The converter of/^aim 1 wherein all the said rectifiers means are replaced by controlled 

5 synchronous rectifiers. 
4. The converter of claim 1 whereiA the current flowing through said inductive element reaches 

r6 level before the voltage produced by said voltage source changes its polarity. 




^^^J^" / 5. The converter of claim 1 wherein th\ current flowing through said inductive element does not 



9 reach zero level before the voltage produced by said voltage source changes its polarity. 

6. The converter of claim 1 wherein the said voltage source changes its polarity after the current 
through said inductive element reaches zero and delayed until the voltage across the rectifiers which will 
12, conduct on the ndxt cycle reaches zero voltage. 



10 j^U 

11 / through 



l^j 7. The Converter of claim 1 wherein an additional by-directional switch is connected between said 

i y 

first input ten&mal and second input terminal, turned ON and OFF by a control voltage synchronized with 

k& said AC voltage source and modulating the power transferred to said load by modulating the conduction 

y 

t£} time. 

F7p 8. The circuit of claim 1 wherein said AC voltage source is generated by the secondary winding of a 

\%i transformer having primary and said secondary winding; the said primary winding being connected to first 

19, and second primary output terminal; 

20f a DC voltage source ; 

21 a bridge switching circuit for producing a chopped voltage from said DC input voltage, said 

22 switching circuit having a said first primary input terminal , a said primary second input terminal, a said 

23 first primary output terminal , and a said second primary output terminal, said first and second primary 

24 input terminals being adapted for connection to said DC input voltage, said switching circuit including 

25 a first switching element (Ml) having a parasitic drain to source capacitance CI, Ml being 

26 connected between said first primary input terminal and said first primary output terminal, 
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a second switching^rement (M2) having a parasitic drain to source capacitance C2, NI2 being 
connected between said second primary input terminal and said first primary output terminal, 

a third switching element (M3) having a parasitic drain to source capacitance C3, M3 being 
connected between said first primary input terminal and said second primary output terminal, and 

a fourth switching element (M4) having a parasitic drain to source capacitance C4, M4 being 
connected between said second primary input terminal and said second primary output terminal; 

means for determining and controlling a conduction interval for each M1-M4 to produce a first 
half-cycle, including an on-time wherein Ml and M4 is conducting and a dead time wherein Ml and M3 is 
conducting, a second half-cycle, including an on-time wherein M3 and M2 is conducting and a dead time 
wherein M2 and M4 is conducting; the turn on of said switchers M1-M4 is performed when the voltage 
across C1-C4 reaches a desired level. 



9. The converter of claim 8 wherein said inductor element is the leakage inductance of said 
transformer. 

10. The converter of claim 8 wherein said inductor element is transferred from being in series with 
said secondary winding of said transformer to be connected in series with said primary winding of said 
transformer. 

11. The converter of claim 8 wherein said inductor element is split into two sections, the first said 
section connected in series with said secondary winding and said second section in series with said primary 
winding of said transformer. 

12. The converter of claim 8 wherein said inductor element is split into two sections, the first said 
section connected in series with said secondary winding and said second section in series with said primary 
winding of said transformer, one of the section can be the leakage inductance if the said transformer. 

13. The converter of claim 12 wherein an additional inductor element is connected to said first 
primary output terminal and the second termination of said additional inductor element is connected to an 
additional capacitor which has the termination not connected to said additional inductor element connected 
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1 to said second primary i^nit terminal; said additional inductor element and said additional capacitor 

2 having a resonant frequency much lower than the operation frequency of said bridge circuit . 

3 14. The converter of claim 12 wherein an additional inductor element is connected to said second 

4 primary output terminal and the second termination of said additional inductor element is connected to an 

5 additional capacitor which has the termination not connected to said additional inductor element connected 

6 to said second primary input terminal; said additional inductor element and said additional capacitor 

7 having a resonant frequency much lower than the operation frequency of said bridge circuit . 

8 15. The converter of claim 12 the transformer is formed by an even number of transformers which 

9 have the primary windings in series and the secondary winding in series; The said inductor element is 

10 connected in series with the primary winding, inserted in between the even number of transformers parting 

1 1 two section of transformers, each section having an equal number of total added turns in primary and an 
12^ equal number of total turns in secondary; the center tap of said inductor element being further connected to 
W a capacitor ; the second termination of the capacitor being connected to said first primary input terminal. 
M- 16. The converter of claim 12 the transformer is formed by an even number of transformers which 

have the primary windings in series and the secondary winding in series; The said inductor element is 

t€j connected in series with the secondary winding, an additional inductor element is connected with one 

£1 termination in between the even number of transformers parting two section of transformers, each section 

having an equal number of total added turns in primary and an equal number of total turns in secondary; 

I 9 ;; the second termination of said additional inductor element is connected to a capacitor further connected to 

Ft. 

W the second termination of to said primary first input terminal. 

21 17. The circuit of claim 1 wherein said AC voltage source is generated by the secondary winding of 

22 a transformer having primary and said secondary winding; the said primary winding having a positive and 

23 a negative termination; 

24 a DC voltage source having a positive and a negative end; 

25 two switching elements which are controlled ON and OFF to connect said primary winding of said 

26 transformer to said DC voltage source; 
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two capacitors comffited in series and across the said DC voltage source, the common node of said 




2 



capacitors connected to one end of said primary winding; 



3 



a bydirectional-switching element connected across the said primary winding of said transformer; 



4 



said two of switching elements connecting said termination of said primary winding not connected 



5 to said capacitors to positive end of said DC voltage source for a time period Ton, and after a time interval 

6 Td to the negative end of said DC voltage source for the same time period equal to Ton. 

7 said bydirectional switching element connecting both said termination of said primary winding together for 

8 a time period slight shorter than Td to allow the voltage across said two switching elements and across said 

9 bydirectional switch to reach zero before are turned on. 

10 18. The circuit of claim 1 wherein said AC voltage source is generated by the secondary windings of 

1 1 two transformers, a first transformer and a second transformer, each having primary and said secondary 

12 windings; said secondary windings of said transformers are connected in series; the said primary winding of 
|jp the first transformer is connected to first and second primary output terminal; the said primary winding of 
£i the second transformer is connected to third and fourth primary output terminal; 

j3SSJ 

1% a DC voltage source having a positive and a negative terminal; 

16, a bridge switching circuit for producing a chopped voltage from said DC input voltage, said 

1% switching circuit having a said first primary input terminal , a said primary second input terminal, a said 

is: 

IS third primary input terminal , and a said fourth primary input terminal, said first , second, third and fourth 

15 primary input terminals being adapted for connection to said DC input voltage, said switching circuit 

2G including 

21 a first switching element (Mil) having a parasitic drain to source capacitance Cll, Mil being 

22 connected between positive terminal of DC voltage source and said first primary input terminal, 

23 a second switching element (M12) having a parasitic drain to source capacitance C12, M12 being 

24 connected between said second primary input terminal and negative terminal of DC voltage source, 

25 a third switching element (Ml 3) having a parasitic drain to source capacitance C13, M13 being 

26 connected between positive terminal of DC voltage source and said third primary input terminal, and 



# + 

2 effiment (Ml 4) having a parasitic drain to source < 



1 a fourth switching effment (Ml 4) having a parasitic drain to source capacitance C14, M14 being 

2 connected between said fourth primary input terminal and negative terminal of DC voltage source; 

3 means for determining and controlling a conduction interval for each M11-M41 to produce a first 

4 half-cycle, including an on-time wherein Mil and M12 are conducting and M13 and M14 are not 

5 conducting, a dead time wherein M11,M12,M13 and M14 are conducting, a second half-cycle , including an 

6 on-time wherein M13 and M14 are conducting and Mil and M12 are not conducting ,a dead time wherein 

7 neither switching element M11,M12,M13 and M14 is not conducting; the turn on of said switches M11-M14 

8 is performed when the voltage across C11-C14 reaches a desired level. 

9 19. An AC-DC converter comprising of: 

10 a low impedance AC sources providing an alternation of a positive voltage, a negative voltage and a 

1 1 dead time; 

\& an inductive element connected in series with said AC source; 

W z a bridge of rectifiers means and capacitors having a first input terminal a second input terminal a 

|f first output terminal and a second output terminal; 

: •* 

tf the first rectifier means being connected between the first input terminal and the first output 

16 terminal with the cathode to the first output terminal, 

O the second rectifier means being connected between the first input terminal and the second output 

f g terminal, with the cathode to the first input terminal, 

the first capacitor connected in between the first output terminal and the second input terminal, 

20 and 

21 the second capacitor connected between the second input terminal and the second output terminal; 

22 The said AC voltage source in series with said inductive element is connected between the first 

23 input terminal and the second input terminal; 

24 a load is connected between the first output terminal to the second output terminal; 

25 the said voltage source modulating the energy transfer through said inductor element and said 

26 rectifiers to said capacitors and said load by changing the ratio between the duration of said positive and 

27 negative alternation and the repetition period of the signal provided by said voltage source. 
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n iTwherein said the first rectifier means and said t! 



1 20. The converter of claim l^vherein said the first rectifier means and said the second rectifier means are 

2 replaced by controlled synchronous rectifiers. 

3 21. The converter of claim 19 wherein the current flowing through said inductive element reaches 

4 zero level before the voltage produced by said voltage source changes its polarity. 

5 22. The converter of claim 19 wherein the current flowing through said inductive element does not 

6 reach zero level before the voltage produced by said voltage source changes its polarity. 

7 23. The converter of claim 19 wherein the said voltage source changes its polarity after the current 

8 through said inductive element reaches zero and delayed until the voltage across the rectifiers which will 

9 conduct on the next cycle reaches zero voltage. 

10 24. The converter of claim 19 wherein an additional by-directional switch is connected between said 

1 1 first input terminal and second input terminal, turned ON and OFF by a control voltage synchronized with 
ljL said AC voltage source and modulating the power transferred to said load by modulating the conduction 

time. 

l£p 25. The circuit of claim 19 wherein said AC voltage source is generated by the secondary winding of 

\S> a transformer having primary and said secondary winding; the said primary winding being connected to 

Wj first and second primary output terminal; 

J7| a DC voltage source ; 

t§5 a bridge switching circuit for producing a chopped voltage from said DC input voltage, said 

f% switching circuit having a said first primary input terminal , a said primary second input terminal, a said 

i(f first primary output terminal , and a said second primary output terminal, said first and second primary 

21 input terminals being adapted for connection to said DC input voltage, said switching circuit including 

22 a first switching element (Ml) having a parasitic drain to source capacitance CI, Ml being 

23 connected between said first primary input terminal and said first primary output terminal, 

24 a second switching element (M2) having a parasitic drain to source capacitance C2, M2 being 

25 connected between said second primary input terminal and said first primary output terminal, 

26 a third switching element (M3) having a parasitic drain to source capacitance C3, M3 being 

27 connected between said first primary input terminal and said second primary output terminal, and 
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ig^ement (M4) having a parasitic drain to source 



1 a fourth switching^Wment (M4) having a parasitic drain to source capacitance C4, M4 being 

2 connected between said second primary input terminal and said second primary output terminal; 

3 means for determining and controlling a conduction interval for each M1-M4 to produce a first 

4 half-cycle, including an on-time wherein Ml and M4 is conducting and a dead time wherein Ml and M3 is 

5 conducting, a second half-cycle , including an on-time wherein M3 and M2 is conducting and a dead time 

6 wherein M2 and M4 is conducting; the turn on of said switches M1-M4 is performed when the voltage 

7 across C1-C4 reaches a desired level. 

8 26. The converter of claim 25 wherein said inductor element is the leakage inductance of said 

9 transformer. 

10 27. The converter of claim 25 wherein said inductor element is transferred from being in series with 

1 1 said secondary winding of said transformer to be connected in series with said primary winding of said 

12 transformer. 

;> S 

Kg 28. The converter of claim 25 wherein said inductor element is split into two sections, the first said 

fu 

fiffi section connected in series with said secondary winding and said second section in series with said primary 

Lg winding of said transformer. 

V§ 29. The converter of claim 25 wherein said inductor element is split into two sections, the first said 

¥k section connected in series with said secondary winding and said second section in series with said primary 

I 3 I 

winding of said transformer, one of the section can be the leakage inductance if the said transformer. 

tj 

fif 30. The converter of claim 25 wherein an additional inductor element is connected to said first 

— 

2& primary output terminal and the second termination of said additional inductor element is connected to an 

21 additional capacitor which has the termination not connected to said additional inductor element connected 

22 to said second primary input terminal; said additional inductor element and said additional capacitor 

23 having a resonant frequency much lower than the operation frequency of said bridge circuit . 

24 31. The converter of claim 25 wherein an additional inductor element is connected to said second 

25 primary output terminal and the second termination of said additional inductor element is connected to an 

26 additional capacitor which has the termination not connected to said additional inductor element connected 
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to said second primary inp^terminal; said additional inductor element and said additional capacitor 
having a resonant frequency much lower than the operation frequency of said bridge circuit . 

32. The converter of claim 25 the transformer is formed by an even number of transformers which 
have the primary windings in series and the secondary winding in series; The said inductor element is 
connected in series with the primary winding , inserted in between the even number of transformers parting 
two section of transformers, each section having an equal number of total added turns in primary and an 
equal number of total turns in secondary; the center tap of said inductor element being further connected to 
a capacitor ; the second termination of the capacitor being connected to said first primary input terminal. 

33. The converter of claim 25 the transformer is formed by an even number of transformers which 
have the primary windings in series and the secondary winding in series; The said inductor element is 
connected in series with the secondary winding, an additional inductor element is connected with one 
termination in between the even number of transformers parting two section of transformers, each section 
having an equal number of total added turns in primary and an equal number of total turns in secondary; 
the second termination of said additional inductor element is connected to a capacitor further connected to 
the second termination of to said primary first input terminal. 



34. The circuit of claim^S wherein said AC voltage source is generated by the secondary winding of 
a transformer having primary and said secondary winding; the said primary winding having a positive and 
a negative termination; 

a DC voltage source having a positive and a negative end; 

two switching elements which are controlled ON and OFF to connect said primary winding of said 
transformer to said DC voltage source; 

two capacitors connected in series and across the said DC voltage source, the common node of said 
capacitors connected to one end of said primary winding; 

a bydirectional-switching element connected across the said primary winding of said transformer; 

said two of switching elements connecting said termination of said primary winding not connected 
to said capacitors to positive end of said DC voltage source for a time period Ton, and after a time interval 
Td to the negative end of said DC voltage source for the same time period equal to Ton. 
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ing^fement connecting both said termination of said 



1 said bydirectional switching^fement connecting both said termination of said primary winding together for 

2 a time period slight shorter than Td to allow the voltage across said two switching elements and across said 

3 bydirectional switch to reach zero before are turned on. 

4 35. The circuit of claim ijjvherein said AC voltage source is generated by the secondary windings 

5 of two transformers , a first transformer and a second transformer, each having primary and said 

6 secondary windings ; said secondary windings of said transformers are connected in series; the said 

7 primary winding of the first transformer is connected to first and second primary output terminal; the said 

8 primary winding of the second transformer is connected to third and fourth primary output terminal; 

9 a DC voltage source having a positive and a negative terminal; 

10 a bridge switching circuit for producing a chopped voltage from said DC input voltage, said 

1 1 switching circuit having a said first primary input terminal , a said primary second input terminal, a said 

12 third primary input terminal , and a said fourth primary input terminal, said first , second, third and fourth 
\3j primary input terminals being adapted for connection to said DC input voltage, said switching circuit 
lft?- including 

Y§* a first switching element (Mil) having a parasitic drain to source capacitance Cll, Mil being 

IfjE connected between positive terminal of DC voltage source and said first primary input terminal, 

IjL a second switching element (M12) having a parasitic drain to source capacitance C12, M12 being 

l^f connected between said second primary input terminal and negative terminal of DC voltage source, 

r h 

V9 h a third switching element (M13) having a parasitic drain to source capacitance C13, M13 being 

2(S connected between positive terminal of DC voltage source and said third primary input terminal, and 

21 a fourth switching element (M14) having a parasitic drain to source capacitance C14, Ml 4 being 

22 connected between said fourth primary input terminal and negative terminal of DC voltage source; 

23 means for determining and controlling a conduction interval for each M11-M41 to produce a first 

24 half-cycle, including an on-time wherein Mil and M12 are conducting and M13 and M14 are not 

25 conducting, a dead time wherein M11,M12,M13 and M14 are conducting, a second half-cycle , including an 

26 on-time wherein M13 and M14 are conducting and Mil and M12 are not conducting ,a dead time wherein 
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1 neither switching element JyjwM12,M13 and Ml 4 is not conducting; the turn on of said switches Ml 1-M14 

2 is performed when the voltage across C11-C14 reaches a desired level. 
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